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A carbon footprint is measured as means to reduce any negative impacts on the environment. The 
objective of this dissertation was to formulate a framework which universities can adapt in order to 
identify and measure their greenhouse gas emissions that resulted due business-as-usual activities. 
The developed framework was then applied to Edith Cowan University to determine their carbon 
footprint. For comparison carbon footprints form Curtin University, Murdoch University and UWA 
were calculated and analysed  
Throughout the course of this project, primary information collected from various online resources 
were assembled using appropriate software tools such as MS Office. Data for the case study was 
gathered electronically by interviewing key university personal over the phone. A set of questionnaire 
was prepared to obtain the necessary data for analysis. Field visits were not required. 
The dissertation begins by discussing the ideas and motivation behind selecting this project. In the 21
st
 
century Earth’s survival greatly depends on mitigating greenhouse gas emissions, and steeply 
reducing atmospheric carbon dioxide concentrations.  This is followed by literature reviews which 
discuss the notion of “climate change” and how it is caused and the devastating impacts it has on 
human health. A brief analysis of the currents impacts observed is given. The project then focused on 
the impacts currently recorded across Australia. Next the report goes onto discussing the importance 
of reducing greenhouse gas emissions. After analysing commonly used international and national 
standards, a framework for assessing greenhouse gas emissions was developed. The framework was 
developed in-line with the five guidelines described by the Department of Climate Change and 
Energy Efficiency. The six guidelines of the carbon footprint assessment framework are; 
1. Define the scope and institutional boundary. 
2. Determine the greenhouse gas emission sources within the selected boundary. 
3. Select a base year for reference. 
4. Collect activity data.  
5. Select method of calculation. 
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6. Document and archive.   
The developed framework was applied to activity data collected from Edith Cowan University (ECU). 
The case study demonstrated the successfulness of the carbon footprint framework. It assessed the 
carbon footprint for ECU for 2012 to be 27,387.71 tonnes carbon dioxide equivalent. ECU’s carbon 
footprint is summarised in the figures below.  
 
Figure i: Total greenhouse gas emissions per scope 
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Figure iii: Total greenhouse gas emissions per student from 2008-2012 
The dissertation ends with recommendations for improving the quality of future assessments. It also 
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Chapter One: Introduction 
1.1 Project Background  
The human species are the most extraordinary adaptive creatures that have ever evolved. They are 
capable of changing the environment than any other species on Earth. Unfortunately, their superior 
intellect and ingenuity is putting the environment and their very existence at risk. The human desire 
for cheap energy is having many unintended consequences.  
During the pre-industrial age it was found that the best way to produce energy was to burn fossil fuels. 
Fossil fuels are decayed bodies of plants and animals rested within the Earth’s crust as carbon. 
Burning fossil fuels redistributes carbon (in solid form) from Earth’s crust into the atmosphere (into a 
gas). This is having big impacts on the planet’s climate system. These include increase in average 
global temperature, disruptions in rainfall patterns, and adverse changes in ecosystems and physical 
changes to the Earth’s surface (eg: Glaciers and polar ice caps are melting faster than ever before). 
Sea levels are rising and their chemistry is changing causing irreversible effects on marine life.  
Scientists studying Earth’s climate system strongly believe that increased concentrations of 
greenhouse gas emissions in the atmosphere are the main cause for climate change. The amount of 
greenhouse gases released depends on the growth of population, the way energy is produced and the 
rate at which greenhouse gases are emitted (Flannery, T, 2013).  
“Global warming” is a term that had been interpreted in different ways over the past few years. Some 
believe global warming refers to the increase in Earth’s global average temperature. Others believe it 
refers to the natural process of Earth warming and cooling due to the greenhouse effect. For the 
purpose of this project, the term “global warming” will refer to the latter.  
Global warming occurs due to the greenhouse effect. The greenhouse effect is a natural process of 
Earth’s atmosphere absorbing solar energy and reflecting a major portion back to space. The absorbed 
energy content is then re-radiated between Earth’s atmosphere and Earth’s crust by greenhouse gases 
(Department of the Environment, 2013). These greenhouse gases include water vapour, Carbon 
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Dioxide (CO2), Methane (CH4), Nitrous Oxide (N2O), Ozone (O3) and Chlorofluorocarbons (CFCs). 
Water vapour forms a large portion of greenhouse gases but is not directly controlled by human 
activities.  
Human activities particularly combustion of fossil fuels, agriculture and land-clearing had led to an 
increase in concentrations of these gases. Known as the “human enhanced greenhouse effect”, this 
once natural process is now warming the planet in an abnormal manner. This unnatural warming 
effect on our fragile environment is one of the biggest issues facing the world today.  
 
Figure 1: The Greenhouse gas effect vs the Human enhanced greenhouse gas effect 
 (National Park Services, 2013) 
A recent report published by the World Bank predicts that, if fossil fuels are used as the primary 
energy source, the rate of releasing of greenhouse gases into the atmosphere remains the same as it 
has been over the past decade or so, and as world population grow (known as a business as usual case) 
carbon dioxide (CO2) levels in the atmosphere by 2050 will nearly be doubled (about 560 parts per 
million) to what they were before the industrial revolution (World Bank, 2012). Electricity generated 
from coal-fired power plants are the major contributor for greenhouse gas emissions and this accounts 





Depending on the rate of greenhouse gases emitted into the atmosphere, climate scientist predicts two 
possible scenarios on how the future of the planet would look like. The “business as usual” scenario 
predicts that CO2 concentrations will triple by year 2100 (World Bank, 2012) as shown in the figure 2.  
 
Figure 2: Past and future projections of atmospheric CO2 concentrations (World Bank, 2012) 
This increasing concentration of CO2 has the effect of increasing the global average temperature 
between 2 and 4 degrees Celsius compared to what it was during preindustrial times (figure 3). 
 
 
Figure 3: Rise of global average temperature towards year 2100 (EPA, 2013) 
The small wiggly black line seen in figure 3 and 4 indicate the increase in temperature from the early 
1900s to the present day. Although the line shifts up and down the overall trend is increasing. The big 
red band in figure 4 shows the rise in temperature if the “business as usual” scenario continues. The 
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blue band will occur if greenhouse gas emissions are strictly reduced. It is important to note that even 
though greenhouse gases are well managed global average temperatures will still rise by 
approximately 1-2 degrees Celsius by the end of the century (Hughes, L 2013). This is due to the 
amount of greenhouse gases already in the atmosphere.  
 
Figure 4: Two possible predictions of temperature rise in the future (IPCC, 2013) 
Scientist anticipates that a temperature increase of 2 degree Celsius could unfold a warmer world than 
any time since the start of the human race. If the average temperature increases by 4 degrees Celsius it 
would be warm enough to destroy all ecosystems and end life on earth (RealClimate, 2013).  
The human species need to understand that they live on a planet they can’t escape. By continuing their 
destructive behaviour, not only are they putting their own species at risk but also the existence of 
nearly 8.74 million species living on Earth. Steep actions must be taken to reduce the negative 
impacts caused on the planet’s climate system. If failed to do so, Earth by year 2100 may look similar 








Figure 5: Earth now vs. how it may look like by 2100 if climate change is not properly managed 
(WordlessTech, 2013) 
However if greenhouse gas emissions are reduced strictly and managed properly, then global 
temperatures of the second half of this century will be significantly lower than the business as usual 
predictions seen in figure 4. Regulating greenhouse gas emissions into the atmosphere needs broad-
based actions across many sectors of the global economy. By rigorously managing global greenhouse 
gas emissions many of the impacts caused by climate change can be avoided, reduced or delayed.  
The challenge of facing climate change impacts is often framed in terms of two potential solutions: 
adaptation and mitigation. Mitigation involves reducing the magnitude of climate change itself. By 
contrast, adaptation involves adapting to the physical changes caused by climate change. This project 
focuses on the former.  
Climate change mitigation over the next couple of decades will have a significant impact on achieving 
lower levels of global warming. This requires a portfolio of methodologies and targets to obtain the 
desired result. Climate change is a real threat and it is the responsibility of every human being to 








The main objectives of this project were: 
 To formulate a set of guidelines that allow universities to identify and quantify greenhouse 
gas emissions as means of mitigating climate change. 
 To verify the framework by using a case study from a West Australian University. 
The specific objectives of this project were: 
 To identify reasons and causes for the change in Earth’s climate system. 
 To provide a snapshot of the current impacts caused by climate change.  
 To develop a streamlined approach to assess greenhouse gas emissions (carbon footprints). 
 To validate this framework by applying it to a university environment. 
1.3 Research Questions  
A set of research questions were addressed as an effort to fully realise the outcome of the project.  
1. Will an increase in atmospheric CO2 concentrations put Earth’s climate system at risk? 
2. How is climate change affecting Australia? 
3. Should we mitigate greenhouse gas emissions or adapt to climate change? 
4. Is it important for universities to keep track of their emissions? 
5. Will universities benefit from tracking their emission footprints? 






1.4 Rationale of the Study 
Importance of a Streamlined Framework 
Many standards and guidelines are available for assessing greenhouse gas emissions. Communities 
create their own standards because they are not aware of the activities that occur in other 
communities. Each community introduces a standard that encompass their own set of rules. For 
example the Swiss ISO standard and the British GHG Protocol standard provides similar guidelines, 
but have overlapping areas of interest. Other standards may look the same but yields different results. 
The complexity of these standards also differs from one another. Therefore choosing the right 
standard can be an overwhelming task.  
The author believes there should be a simplified approach to greenhouse gas accounting, which can be 
used by those who do not require the complexity of other published standards. This not only decreases 
the risk of choosing the wrong approach but also increases the accuracy of the result obtained For that 
purpose, several commonly used standards were analysed and the most important and practical 
aspects of each standard was taken into account to formulate the framework that is streamlined, 
transparent, easy to execute and yield the intended result..  
Why Choose a University? 
Universities are an important aspect of the commercial sector. They have position themselves as an 
important source for foreign income and contribute around $22 billion to Australia’s GDP each year 
(UA, 2013). They collaborate closely with business and industries helping diversity and transforming 
their local communities. They are flexible to change since they have a desire to discover and make a 
difference.  
Universities do not have large budgets allocated for activities such as environmental management. 
With each passing year budget cut backs are made, therefore by employing emission reduction 
mechanisms and by utilising resources carefully, universities can saves considerable amount of money 
each year. By reducing harmful emissions and becoming environmentally friendly, universities can 
enhanced their recognition within the community as a sustainable campus.  
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The author believes that universities have the potential to lead by example by taking part in reducing 
greenhouse gas emissions and moving towards clean-energy usage. Universities are culturally diverse 
and encompass students and staff members coming from many parts of the world bringing their 
intellectual qualities together. If universities adopt mechanisms to reduce their greenhouse gas 
emissions and transfer this knowledge to students, who later go into the industry with this awareness 
and knowledge have the possibility of encouraging environmental friendly behaviour within the 
organisations they work in. These students will have the ability to persuade decision makers and 
stakeholders within their organisation producing outcomes that collectively contribute to the positive 
health of the environment.  
1.5 Study Methodology 
A comprehensive literature review was done at the beginning of the project. It started with 
investigating into what climate change is, how it occurs and its impacts observed in many parts of the 
world. This is followed by a brief study on impacts seen in Australia. Then the study focused more on 
literature about assessing carbon footprints published by other universities (secondary data). 
Commonly used standards and frameworks were studied. A streamlined framework was formulated 
by making use of the literature review and secondary data. 
  
Figure 6: Study methodology for the dissertation 
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A survey was in the form of interviews and questionnaires with various universities personal was 
conducted to obtain the data required for the case study. These were carried out via phone calls and 
email communication. Field visits were not required as the author was able to obtain all necessary 
information electronically. Data was formatted using appropriate software (Microsoft Office Suit).   
The case study consisted of performing a carbon footprint assessment by applying the developed 
framework to data gathered from Edith Cowan University. For comparison carbon footprints form 
Curtin University, Murdoch University and UWA were calculated and analysed.  
1.6 Limitations 
The limitations of the project were:  
 The project discusses only a small portion of the significant impacts caused by climate change 
observed in Australia and around the world.  
 The study focuses only the physical impacts caused by climate change.  
 The study analysed only two of the popular and commonly used greenhouse gas accounting 
standards (ISO 14064 and GHG Protocol).  
 The developed framework does not provide a life-cycle analysis of goods and services 
consumed within a university.  
 Data used for the carbon footprint assessment were provided by staff from the designated 
universities. There may be uncertainties in collecting and reporting Scope 3 data. There also 
may be human errors during recording and transferring data.  







1.7 Structure of the Thesis 
The structure of this dissertation is as follows: 
Chapter 1: Includes project background and motivation for this study.  
Chapter 2: Discusses the concept of “climate change” and highlights the importance of becoming 
aware of the unintended consequences human activities have on the climate system. It also discusses 
the reasons causing the climate to change. A snapshot of impacts that are observed is also discussed.  
Chapter 3: Includes a brief impacts case study focusing on Australia. Projections for future changes in 
the Australian climate are also discussed.  
Chapter 4: Identifies the role of greenhouse gases and its impact on Earth’s climate system. A brief 
discussion about Australia’s greenhouse gas emissions is included. 
Chapter 5: Includes background information for developing a carbon footprint assessment framework. 
The developed framework is then discussed in detail.  
Chapter 6: The carbon footprint assessment framework developed in Chapter Five was applied to 
Edith Cowan University. The case study analysed the results and compares it to Curtin University, 
Murdoch University and UWA.  
Chapter 7: Contains Conclusion and Recommendation along with future works. 
Each new topic is indicated by a bold heading. The author tried to structure the report in the best 
possible way to avoid text repetition.  
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Chapter Two: Literature Review 
2.1 What is Climate Change? 
The United Nations Framework Convention on Climate Change defines climate change as: 
“Climate change refers to a change of climate which is attributed directly or indirectly to 
human activity that alters the composition of the global atmosphere and which is in addition 
to natural climate variability observed over comparable time periods” (IPCCC, 2010). 
Climate change is a long-term shift in climate of a particular location or region on Earth. This shift is 
measured by changes in features associated with average weather such as temperature, wind patterns 
and precipitation. Earth’s climate changes naturally. Changes in the concentration of solar energy 
reaching Earth’s surface causing warming and cooling cycles had been a regular feature in Earth’s 
climatic history. Some of these solar-cycles extend over a long period of time such as the four glacial-
interglacial swings that occurred during the past 400,000 years  and some solar-cycles are much 
shorter with the shortest been the 11 year sunspot cycle (Scripps Institution of Oceanography, 2002).  
Other natural sources of climate change include variations in ocean currents which change the 
distribution of heat and precipitation, and large volcanoes which intermittently increase the 
concentration of atmospheric particles blocking out solar energy. Even with these occurrences the 
Earth’s climate changed slightly over the past centuries. There had always been a balance between 
average temperature and the concentration of greenhouse gases in the atmosphere. These conditions 
helped to create the perfect habitat for the human species and 8.74 million species (Guardian, 2012) to 
flourish.  
2.2 Why Should We Care? 
This section provides a snapshot of latest scientific observations and new studies of likely effects and 
threats as a consequence of increased average temperature by 4 degrees Celsius. If global average 
temperatures are to increase by 4 degrees Celsius, it would create a world that would have 
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unprecedented heat-waves, severe drought, floods, forest fires, rise in sea levels and cause 
inconceivable impacts on ecosystems and related services (Hughes, L 2013).   
Without proper policy, obligation and action to reduce greenhouse gas emissions the planet is likely to 
warm by 2-4 degrees Celsius above preindustrial levels. Even with the current policies and targets 
fully implemented there is roughly a 20% possibility of temperature increasing above 2 degrees 
Celsius by the end of the century. If these targets are not fully met, it is predicted that a warming of 4 
degrees Celsius can occur as early as 2060 (World Bank, 2013).  
It is apparent that everyone on earth will be affected by climate change. However, the impacts are 
likely to be unevenly distributed. The majority will be tilted towards many of the world’s poorest 
areas which have the least technological, institutional, and economic capability to manage and adopt. 
For example (World Bank 2013); 
 Although high latitudes will have the largest warming in temperature, extended heat-waves 
will emerge in the tropics leading to significant impacts on ecosystems and agriculture.  
 Sea-levels are expected to rise by 15-20% in the tropics compared to the global mean.  
 Aridity and droughts are likely to surge in many developing regions long the topics.  
 The increase in tropics cyclone intensity will be felt in low-latitude regions.  
Scientists involved in studying climate change believe that the Earth’s climate system has a tipping 
point. A tipping point is an abrupt and irreversible change in climate. It is not known precisely where 
this tipping points is or for how far the climate can be forced before it tips over (Hughes, L 2013). 
These tipping points occur due to positive feedbacks. Positive feedbacks are natural processes that 
occur where the outcome reinforces the process to occur at an increased rate. Examples of such 
positive feedbacks are; 
 Permafrost found in the Northern Hemisphere is made up of solid carbon (C) and methane 
(CH4). As the planet warms, the permafrost melts releasing CO2 and Ch4 into the atmosphere. 
These greenhouse gases amplify the warming effect resulting in more permafrost to melt.  
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 Methane clathrates are CH4 in cages of ice found on deep ocean beds.  They are stable in this 
state. However, as average sea water temperature rise ice melts releasing CH4 into the 
atmosphere. The more the temperature rise, the more ice melts releasing CH4. If this 
continues to occur on a larger scale it is known as the runaway greenhouse effect.  
Although it is not certain where a tipping point will occur, recent scientific analysis predicts that if 
global average temperatures increases by 2 degree Celsius above preindustrial levels it is likely that 
the climate will tip over.  This 2 degree Celsius threshold is commonly known as the Guardrail.  
 
Figure 7: The increased risk of reaching tipping points (Macquarie University, 2013) 
It is vital to stay below the guardrail for the planet to survive. If the guardrail is exceeded, Earth’s 
climate will change in such a way that the business as usual scenario seen is figure 4 would occur 




2.3 Effects of Rising Temperature  
The temperature distribution of an average year takes the form of a bell-shaped graph. If temperature 
is plotted along the X axis and probability of occurrence on the Y axis as shown in figure 8, it shows 
there are only a few cold days on the left end and only a few hot days at the right end of the graph.  
 
Figure 8: The temperature distribution of one year 
 (Macquarie University, 2013) 
It also shows that most days lay between the extremes and around the average giving comfortable 
temperatures for ecosystems to flourish. If the average temperature was to increase by 2 degrees 
Celsius, the above graph shifts to the right as shown in Figure 9.  
 
Figure 9: Temperature distribution over a year with a 2 degree increase (Macquarie University, 2013) 
Analysing the new graph shows that the tail of cold days had disappeared, the number of hot days had 
increased and a new tail with a number of really hot days have emerged. The majority of the days in 
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the year are now warmer than before. Figure 9 undeniably shows that a small shift in average 
temperature can have dramatic effects to the extremes in temperature. This effect is currently 
occurring in many parts of the world. Figure 10 provides evidence observed in Australia. 
 
Figure 10: Changes in the record hot days and record cold days in Australia 
(Department of the Environment, 2013) 
The red bars show the number of record hot days and the numbers are increasing, almost double 
compared to preindustrial levels. The blue bars show the number of record cold days and it is in 
decline and almost halved over the same period. Climate systems predict that the hot days that arise 
once every 20 years could now occur once every two years (Hughes, L, 2013).  Unfortunately, the 
effects of climate change do not just apply to extremes in average temperature. It also causes extreme 




2.4 Increase in Carbon Dioxide Concentrations  
In 1958 Charles D. Keeling made measurements of atmospheric CO2concentration levels at the 
Mauna Loa Observatory in Hawaii (Keeling 1965). Measurements continue to present day as the site 
was identified to be remote from external sinks and sources of CO2. Results indicate a growth in CO2 
concentrations from 316ppm (parts per million) in March 1958 to 391ppm in September 2012. 
  
Figure 11: Atmospheric CO2 concentration (red), trend line (black) (University of California, 2010) 
The fluctuation seen in the red curve reflects the growth of plants in the Northern Hemisphere where 
they absorb more CO2 during spring and summer than in autumn and winter. The black trend line 
shows that the trend of CO2 in the atmosphere is rising. Scientist have analysed that over the past 
800,00 years the atmospheric CO2 concentration risen and fallen on a regular basis moving between 
about 180 to 300 parts per million.  
 
Figure 12: Fluctuations of CO2in the atmosphere (NOSB, 2009)  
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Analysing figure 12, it is seen that since the start of the industrial age atmospheric CO2 concentrations 
(around 280 parts per million) had grown at an exponential rate. In 2013, it was measured to be at 
400ppm at Mauna Loa for the first time (The Guardian, 2013).  
Since the preindustrial age roughly 350 billion metric tons of carbon has been released as a result of 
human activity. Of this, nearly 55% has being absorbed by the ocean and land with the rest remaining 
in the atmosphere (Ballantyne, 2012). CO2 emissions have risen and will continue to rise to roughly 
41 billion metric tons by 2020 as shown in figure 13 below.  
 
Figure 13: Concentration of CO2 increases towards 2020 
(IEA, 2012) 
 




In a business as usual scenario, if no action is taken between now and 2020 to mitigate emissions it is 
predicted that the total greenhouse gas emissions will increase to about 56GtCO2e. If current policies 
and targets are fully enforced global greenhouse gas emissions are likely to be between 53-55 billion 
metric tons CO2e per year from the same time period (World Bank 2013).  
2.5. Effects of Climate Change  
2.5.1 Rising Global Mean Temperature 
Jean Baptiste Joseph Fourier (1768), a French mathematician and physicist was the first person to 
determine the size of Earth and its distance from the sun. He claimed that a planet the size of Earth 
with the given distance from the sun should be colder than it currently was. He reasoned that the 
Earth’s atmosphere must act as insulation trapping heat from the sun (Geologist, 2010). Although his 
work was published in 1824 he was unable to prove his hypothesis.  
A few decades’ later British physicist and extraordinary experimentalist John Tyndall proved 
Fourier’s insulation effect theory by building a machine that measured the relative abilities of gasses 
to absorb heat (Geologist, 2010). 
 
Figure 15: The gas machine Tyndall used for his experiment 
 (Geologist, 2010) 
This insulated blanket is now known as the greenhouse effect (Figure 16). At the beginning of the 
1760s the human species discovered that the best way to produce energy was to burn coal, which is a 
fossilised form of bodies of plants and animals that lay underneath Earth’s crust. These fossil fuels are 
made up mainly of carbon. By burning fossil fuels the carbon that used to be in solid form is now 
redistributed into the atmosphere in the form of carbon dioxide gas.  
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Combustion of fossil fuels, electricity generation, manufacturing, release of aerosols, depleting the 
stratospheric Ozone layer and deforestation had led to an increase concentration of greenhouse gases 
in the atmosphere.  As more and more greenhouse gases are released into the atmosphere it increases 
the greenhouse effect making the planet warmer.  
 
Figure 16: The natural greenhouse effect vs. the enhanced greenhouse effect. 
The extra greenhouse gases released into the atmosphere increases the thickness of this insulate 
blanket and traps more heat. This evidently increases the temperature of the planet. This human-
enhanced greenhouse effect produces the greatest environmental concern because it has the potential 
to warm the planet at an unprecedented rate never seen before.  
In 1896 a renowned Swedish chemist Svante Arrhenius calculated that if atmospheric CO2 
concentrations doubles Earth will warm by nearly 5-6 degrees Celsius (NASA, 2011). A line graph of 




Figure 17: Global annual mean surface air temperature change 
(NASA, 2013) 
The annual and give-year running mean temperature changes for thee latitude bands are shown below. 
 




In all these graphs the overall trend in temperature is increasing. The world on average has warmed 
just under 1 degree Celsius since the industrial revolution (Climate Emergency Institute, 2013). 
However, as seen in figure 19 warming of the planet is not constant over the globe. 
 
Figure 19: The Zonal land-Ocean temperature changes (NASA, 2012) 
Satellite observations show that the increase in temperature is modest around the equator but increases 
much faster over the Polar Regions. Scientist have analysed that interiors of cotenants are warming 
faster compared to coastal areas. Winters are getting warmer while summer heat-waves are increasing 
(NASA, 2012).  
 




While warming of Earth’s surface temperature is the most noticeable, roughly 93% of the additional 
heat absorbed by the planet is stored in the ocean (Climate Change Guide, 2013). This is simply 
because the ocean covers nearly 2/3 of the planet.  
 
Figure 21: Oceans store the most heat  
(Climate Change Guide, 2013) 
Recent work by Levitus and colleagues concluded that the warming of oceans around the world can 
only be explained by the increased greenhouse gas emissions. Between 1955 and 2010 the oceans to a 
depth of 2000m have warmed by an average of 0.09 degrees Celsius (Levitus, 2012).  
2.5.2 Extreme Weather Events 
A warmer weather allows the atmosphere to hold more water. It had been observed that since the 
1980’s the average water vapour content of the atmosphere had increased by nearly 1-2% per decade 
over the past two decades consistent with a warmer atmosphere (Hughes, L 2013). Water held in the 
clouds falls by transforming into rain drops. Climate models predict that an increase in humidity 
would cause more rainfall, and overtime the intensity of the rainfall would increase leading to extreme 




Figure 22: Water evaporation and rainfall, then and now (Macquarie University, 2013) 
Heavier rainfall has many impacts. It causes more erosion, and in cities it can cause drainage 
problems affecting sanitisation. At its extreme heavy rains can cause mass flooding. This has 
devastating impacts on lives, settlements, agriculture and property. These events are seen all over the 
world. For example, in 2010 heavy flooding occurred in Pakistan resulting in almost 20% of the 
country been underwater, nearly 2000 lives was lost and a further 20 million people were affected in 
some way (The Guardian, 2010).  
Less rainfall also causes a serious threat to the livelihood of species. Since the 1950s observations 
show that droughts in some parts of the world are becoming a lot severe especially in parts of Africa, 
Southern Europe and Australia (UCAR, 2010). Figure 23 portrays how and where droughts may get 
worse towards the end of the century. The red to purple indicate severe drought regions and 
unfortunately that falls with many parts of the world. As far as water availability is concerned climate 
models predict that regions that are already wet will receive more water while regions that are dry will 
receive less water and become drier (See figure 24).  
Tropical cyclones are another serious threat. Climate models predict that the number of tropical 





Figure 23: Regions of the world where droughts may get worse (UCAR, 2010) 
 
 
Figure 24: Change in precipitation by the end of 2100 (inches of liquid water per year) (NOAA, 2013)    
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2.5.3 Changes in the Ocean 
Ocean Acidification 
Clime change not only affects the atmosphere but also affects the ocean. Many believe that all toxic 
gas emissions are stored in the atmosphere. In reality, the majority of these harmful gases are 
absorbed by the ocean. About 1/3 of the carbon dioxide emitted are absorbed by the ocean (Hughes, L 
2013).  
When CO2 dissolves in sea water it procedures carbonic acid (H2CO3). Carbonic acid dissociates in 
water releasing bicarbonate (CO3
-2
) and hydrogen irons (H
+
). The more hydrogen irons in a solution 
the more acidic it gets. This process of ocean acidification is changing the fundamental chemistry of 
the ocean and affecting the way it operates. 
 
Figure 25: The process of ocean acidification  
(UK OARP, 2011) 
pH is a figure that is used to express the acidity or alkalinity of a solution in which 7 is neutral. Low 




Figure 26: Seawater pH values around the world (PAS, 2013) 
Since the early 1990s, surface seawater pH values have decreased from 8.25 to 8.14 (Hughes, L 
2013). pH values are measured on a logarithmic scale, thus the change relates to 30% increase in 
acidity. Moreover, the rate of which ocean acidity is increasing is alarming. In some parts of the 
world, ocean acidity is changing at a rate of 100% compared to the last ice age (Hughes, L 2013)
 
Figure 27: Projections for ocean acidification towards 2100 (IPCC, 2013) 
An increase in ocean acidity has many devastating consequences. Many marine organisms build their 
skeletons and shells from calcium carbonate (CaCO3). Based on the emissions scenarios of the IPCC, 
models predict the seawater pH levels will drop by 0.4 pH units by 2100 resulting in a 60% decrease 
in calcium carbonate (Urban, E, 2012). Increasing acidic water, with lower amounts of carbonate 
irons affect almost every process of the marine organisms and disrupts the balance of the entire 
marine ecosystem. 
Furthermore, existing structures such as coral reefs dissolve in acidic seawater causing coral 
bleaching. This has dramatic impacts on the thousands of species who depends on coral reefs for food 
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and habitat. Humans are also affected in many ways. It had been estimated that nearly 500 million 
people around the world depend of these coral reefs for food, protection and tourism. In fact, the 
livelihood of nearly 30 million of the poorest people depends solely on coral reefs (Hughes, L 2013).  
Rise in Sea Level 
Thermal expansion is caused due to the rise in average temperature, and adds more water into the 
ocean making them expand. Melted and discharged ice from mountain glaciers and ice caps 
(Greenland and Antarctic ice sheets) area causing the sea level to rise. It is estimated that a significant 
portion of the world population are concentrated along coastal regions, often in large cities with 
extensive infrastructure. Depending on the rate and magnitude of rise, sea-level rising will possibly be 
one of the most critical long-term impacts of climate change.  
It had been estimated that during the last ice age, sea levels were lower by around 120m than they are 
today.  Post-ice age sea-levels started to increase rapidly by around four meters in a century and came 
to a relatively stable state between the time period 1 AD to 1800 AD (Hughes, L 2013).  
 
Figure 28: Post-glacial sea level rise in many parts of the world  
(Ancient Wisdom, 2010) 
Since the industrial revolution sea-level had risen by about 2mm per year. Similar to other impacts of 
climate change this is also escalating. In 1990 it was recorded that the sea-level rose by an average of 
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3mm per year. Since the industrial revolution global average sea levels had risen by 20cm (Hughes, L 
2013). 
 
Figure 29: Increase in sea level around the globe (NASA, 2013) 
Melting of polar ice caps and glaciers are contributing about 2/3 of the rise in sea level (Ancient 
Wisdom, 2010). It had been studied that both Greenland and Antarctic ice sheets have been losing 
mass since the beginning of the 1990s. Glaciers are huge chunks of frozen water and their survival 
depends on a mass balance concept. Mass balance is the difference between the rates of which ice is 
lost to the rate of accumulation of new ice.  If ice is melting faster than it is accumulating new ice, the 
glacier shrinks in mass and is said to be in retreat. Many of these ice sheets are in retreating at an 
alarming rate.  
The North Pole is covered by the Arctic ice sheet. This sheet is roughly four meters thick. During 
summer it melts to about a meter thick and then freezes again. It is estimated that the total amount of 
ice including Greenland covers about 12 million square kilometres. Satellite imaging showed that 





Figure 30: Shrinking of the Arctic ice sheet between 1979 and 2000 (EPA, 2010) 
In 2012 it was estimated that a record of roughly 800 cubic kilometres of ice had been melted from 
the Northern hemisphere (Hughes, L 2013) compared to 2011 which held the previous record.  
Antarctica is an ice sheet spreading over 30 million cubic kilometres over land and ocean and holds 
between 70-90% of all the fresh water on Earth (Hughes, L 2013) The latest global calculations 
presented by 47 of the world’s top scientist in November 2012 estimated that the polar ice sheets are 
melting about three times faster than they did in the 1990s. However, these ice sheets do not melt the 
same way. For example, in Greenland, the ice seen to be sensitive to air temperatures where in West 
Antarctica, the warming of sea water is causing the floating ice sheets melting from below.  
The melting of ice has two important impacts. First, as ice melts it exposes the darker cooler water 
below. Since dark surfaces absorb heat energy more than lighter surfaces, this leads to more warming 
of sea water. Secondly, warming increases the rate of ice melting adding mare water to the ocean. 
Warmer water is less dense than cold water. As roughly 93% of the extra solar energy is absorbed by 
the ocean, this warms water making it less dense and increases in mass adding to the rise in sea levels. 
However, the rise of sea level is not uniform all over the world. This is due to the unevenness of 
ocean beds. For example, the rise is sea level differs around the Australian continent with roughly 





Figure 31: Sea level rise around the Australian continent (Climate Citizen, 2011) 
2.5.4 Impacts on Ecosystems  
The link between ecosystem and climate change had long been established. Throughout history, 
ecosystems and species have changed with the climate. However, the rapid changes in climate are 
now affecting ecosystems and species capacity to adapt resulting in an increased rate of biodiversity 
loss. The UN’s Global Biodiversity Outlook (2010) project that treats on biodiversity will become 
gradually more significant in the decades to come.  
Ecosystems are already demonstrating negative impacts under current levels of climate change. In 
addition to an increase in global average temperature, recurrent and extreme weather events, increased 
droughts and changes in rainfall patterns will have substantial impacts on biodiversity.  
Earth is home to nearly 8.74 million species (The Guardian, 2011). For many species the climate they 
live in play a vital role in the key stages of their annual life cycle, such as blooming, migration and 
mating. As the global average temperature raises the timing of these events are changing. Moreover, 
species are migrating towards higher latitudes seeking a more comfortable climate zone. For example;  
 Warmer and earlier springs have led to earlier nesting of nearly 28 migratory bird species in 
North America (MEA, 2005).  
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 16 out of 23 butterfly species have altered their migration timing and locations in England. 
These species are seems to be migrating north where the climate is much colder, some even 
travelling 80km further from their original habitat (CCSP, 2008).  
These migration changes can lead to mismatches in the timing of food availability and breeding. 
Migrating to a location before or after food sources are present will have a direct and devastating 
impact on the growth and survival of species.  
Many studies have observed that climate change impacts on a specific species or organisms can ripple 
through the food web affecting a wide range of other species. For example, polar bears have quite a 
complex food web. An important food source for polar bears is seals who survive on arctic cod. Arctic 
cod thrive by consuming zooplankton which is a type of ice algae that blossom in nutrient-rich 
pockets in ice. Melting of sea ice in the Arctic leads to a decline in ice algae. Thus, declining ice algae 
has a direct impact on the survival and growth of polar bear populations.  
 
Figure 32: The complex food web of an Arctic polar bear  
(EPA, 2013)  
Habitat destruction and loss of food sources due to climate change is crucial stressors that contribute 
to extinction of species. The IPCC (2012) estimated that around 20-30% of and flora and fauna 
evaluated by climate change studies are at risk of extinction. It is projected that the rate of extinction 
can be as 10 times greater than recently observed global averages (EPA, 2013).  
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2.5.5 Climate Change and Human Health 
The London Institute for Global Health together with The Lancet, a world-renown medical journal 
published a report outlining the impacts climate change has on human health, in which stated that 
“Climate change is the biggest global threat to health of the 21
st
 century” (The Lancet, 2009).  
Climate change affects human health in many ways. The human species can regulate their body 
temperature to about 37 degrees Celsius.  If body temperature exceeds this limit by a few degrees and 
remains so for a few hours, it can cause serious dehydration reducing physical and mental capacity. If 
this temperature increases then a heat stroke will occur and possibly result in death. Children and the 
elderly, especially who suffer from existing heart and kidney problems are the most vulnerable to 
extreme heat.  
Heat waves are a serious threat. Several days in extreme temperatures especially in temperate latitudes 
can greatly affect human mortality. As a result of the urban island effect, densely populated areas can 
become nearly 10 degrees Celsius warmer than surrounding areas. This is mainly due to heat 
produced by various commercial sources, transportation and the fact that many buildings are 
constructed from heat retaining materials.  
 
Figure 33: The urban heat islanding profile for a typical city  
(University of Oregon, 2010) 
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Since the 1950s the Australian average temperature of extremely hot days has increased (Steffen, W 
2013). A number of studies have predicted that heat-related deaths will rise in the absence of climate 
change mitigation measures. 
 
Figure 34: Heat related deaths in five Australian capital cities, present to 2050 (Steffen, W 2013) 
Apart from heat waves, other extreme weather event including tropical cyclones, storm surges, floods, 
droughts and bushfires also cause serious impacts on human health, society and property. In recent 
years, the occurrences of these extreme events were visible in many parts of the world. Some 
examples include; 
 In August 2005 Hurricane Katrina killed over 1800 people in New Orleans, USA. 
 Tropical cyclone Yasi storming through Mission Beach in Queensland, Australia was the 
most powerful cyclone to be recorded since 1918.  
 Heavy rainfall in 2011 and 2012 caused widespread flash flooding in many parts of 
Queensland and New South Wales causing devastating loss of property.  
 Black Saturday bushfires that occurred on the 7 February 2009 ravaged Victoria destroying 
over 200 houses, scorching more than 430,000 hectares of land causing death higher than any 




It is important to understand that these are not the only devastating hazards that affect human health. 
Climate change also upsets the distribution of species that indirectly affect human health. For 
example; malaria is the worst killer the world had seen. In 2010, the World Health Organisation 
estimated that roughly 660,000 people died due to malaria and nearly 90% of these were from Africa. 
A particular type of mosquito carries the parasite that causes malaria. The distribution of this 
mosquito is largely determined by the climate. It is predicted that as average temperatures increases 
the mosquito will migrate from unsuitable conditions and into parts of Africa that are not infected 




Chapter Three: Climate Change and Australia 
3.1 Impacts Case Study from Australia 
Temperature 
Since 1990s the average temperature of the Australian continent had increased approximately by 0.8 
degrees Celsius. This had been consistent with global trends. Most of this increase occurred after the 
1950s, with 1998 been recorded as the warmest year. 1980s and 1990s follow as the warmest and 
second warmest decades (Collins, D 2000). It was measured that since 1951 the mean temperature had 
increased approximately by 0.1 - 0.2 degrees Celsius per decade over most parts of Australia, with the 
greatest warming occurring inland, seen in Queensland and in the southern half of Western Australia. 
However moderate amounts of cooling occurred in southern Queensland and New South Wales 
(Suppiah, R 2001).  
 
Figure 35: Temperature distribution across Australia - June 2013 (Bureau of Meteorology, 2013) 
It was measured that night-time temperatures had increased more than day-time temperatures, 
especially in the northern half of the continent. As a result the diurnal temperature range had dropped 
consistent with global trends (Lesley, H 2013). Linked with rising average temperatures, episodes of 
extreme warm events have generally increased over 1957 to 1996 while the numbers of extreme cool 
events have declined (Collins, D 2000).  
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The increase in mean temperature since the middle of the 20
th
 century has not been uniform across the 
continent (Garnaut 2011).   
 
Figure 36: Trend in Australian annual maximum temperatures, 1910 to 2007 (Bureau of Meteorology, 
2013) 
It is believed that the high temperature may have contributed to the severity of the 2002 drought. In 
2002, the it was recorded that the maximum temperatures were more than a degree Celsius higher 
than any of the five major droughts since 1950 (Karoly D 2003). For example, in the Murray Darling 
Basin in Griffith, temperatures were 2.14 degrees Celsius higher than the annual average. Together 
with the recorded lowest rainfall from March to November resulted in the highest rate of evaporation 
on record, a staggering 10% higher than in any previous droughts (Karoly 2003). 
Rainfall 
The average rainfall in Australia had increased slightly over the past century, where more rainfall is 
obtained during summer than in winter (Hennessy, K 1999). On a nation-wide basis this trend is not 
that important due to high inter-annual variability. However, on a regional and seasonal basis rainfall 
trends becomes noteworthy. Total annual rainfall had increased by approximately 15% in New South 
Wales, South Australia, Victoria and Northern Territory with little change in Queensland and Western 
Australia. It was recorded that the south-west of Western Australia had become 25% drier during 




Figure 37: Rain fall distribution across Australia – November 2012 (Bureau of Meteorology, 2013) 
Since 1910 higher rainfall had been recorded that was associated with the increase in both the number 
of rainy days and heavy rainfall events. On average, the number of rainy days had increased by 
roughly 10% with some parts in New South Wales and Northern Territory rising to around 20%. 
Significant increases in heavy rainfall events were recorded in the east and north of the continent 
while a decrease was recorded in south-west Western Australia (Hennessy, K 1999). 
Sea Temperature  
In many tropical regions around Australia the average sea surface temperature has risen by almost a 
degree Celsius over the past century. In the Great Barrier Reef, for example, sea water temperatures 
have escalated by 0.46 degrees Celsius per century in the north to 2.59 degrees Celsius per century in 




Figure 38: The distribution of rise in average sea temperature around Australia (STA, 2013) 
Ocean acidification together with rising sea-temperature causes some of the biggest and most 
devastating impacts seen in marine ecosystems. The Great Barrier Reef is a world heritage area and is 
well known to be as one of the biologically diverse ecosystems on earth. It stretchers roughly 2100 
kilometres along the Queensland coast off the tip of Cape York and covers close to 350,000 square 
kilometres. The reef provides a natural habitat for a diverse form of marine life. It is estimated that 
over 1500 species of fish and over 360 species of reef-building coral, more than 4000 mollusc species 
and over 1500 of sponges live among the reefs (WWF, 2013). In 1998 sea surface temperatures at the 
Great Barrier Reef were the warmest and were associated with significant coral bleaching (Lough, J 
2000). The reef’s tourism, commercial and recreational fishing together contribute around $6.9 
million to the Australian economy each year (CNN Travel, 2013). 
Sea level 
A recent analysis of the sea level trends taken from 23 locations across Australia indicated values 
from 0.95mm per year for Geraldton in Western Australia to +2.08mm per near Port Adelaide in 
South Australia (Mitchell, W 2000). The rise is uneven due to the bumpy sea-bed around the 




Figure 39: Sea-level rise around the Australian continent 
(CSIRO, 2013) 
Tropical cyclones  
The number of tropical cyclones across the Australian continent had declined over the past years; 
however the intensity of cyclones had slightly increased by roughly 10-20% and will tend to increase 
towards the end of the 21
st
 century (Nicholls, N 1998).  
 
Figure 40: The probability distribution of above average cyclone occurrences in Australia  




 A decline in rainfall resulted in a proportionally larger fall in streamflows. It is estimated that a 
degree in rainfall can significantly reduce streamflows by two-threefold (Chiew, F 2006). The 
streamflows recorded in Victoria, New South Wales, Queensland and Australian Capital Territory is 
notably below long-term averages (Garnaut, R 2011). 
The most significant decline in streamflows of rivers suppling urban water catchments was observed 
in Perth, Western Australia with a recorded decline since the 1970s which seems to have deepened 
over the last decade.  
 
Figure 41: Annual streamflows into dams in Perth, Western Australia (Garnaut Review, 2010) 
3.2 Projections of Future Australian Climate 
 Temperature 
It is projected that by 2030 the annual average temperature over most parts of Australia will rise 
between 0.4 degrees Celsius to 2 degrees Celsius compared to the 1990s with somewhat less warming 
in coastal areas and greater warming in the north-west. By 2070 annual average temperatures will 
increase by 1 degree Celsius to 6 degree Celsius (Hughes, L 2012). The range of warming is projected 
to be greater in summer and less in winter. Climate models suggest that increase in daily maximum 
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and minimum temperatures will be similar to changes in average temperature. Moreover, changes and 
increases in extreme temperatures are also predicted.  
Rainfall 
Although there is much uncertainty in predicting rainfall trends, CSIRO indicate that annual average 
rainfall may decrease in the south-west Western Australia and in parts of south-east Queensland. In 
other areas including eastern Australia projected ranges are between -10 to +10% by 2030 and -35 to 
+35% by 2070. The topics in the north will show little change compared to current conditions. 
Decreases may be stronger in the south-west by -20 to +5% by 2030 and -60 to +10% by 2070 
(Hughes 2012). Climate models also suggests that return times for heavy rainfall events will decrease 
but flowing in some parts of Australia will increase (Whetton 1993).   
Tropical cyclones  
The behaviour and intensity of tropical cyclones as a result of enhanced greenhouse conditions has 
been under considerable speculation as it is difficult to make projections since tropical cyclones are 
not fully understood by climate models (Pittock, A 1996). Current predictions indicate that cyclones 
will crease intensity by around 20% by the end of the century (Walsh & Ryan 2000). 
Tropical cyclones are associated with events of oceanic storm surges, gales and flooding rains in 
northern Australia. The frequency of these will increase if the intensity of tropical cyclones increases. 
It is believed that the projected increase in average seal level will contribute to the more extreme 
storm surges (Hughes 2012).  Modelling done by McInnes in 2000 predicts that if the intensity of 
tropical cyclones around Crain’s is to increase by around 20% by 2050, the flood level related with 







Recent studies conducted by IPCC indicate global average sea level will rise by 9 – 88cm by 2100. 
That is 0.8-8cm per decade (IPCC 2001a). However, there is still a certain level of uncertainty in 
these predictions. Nearly all climate models indicate a greater and average increase in the Arctic and 
less than average in the Southern Ocean. Trends in the Australian sea levels suggest that sea levels 
rise around Australia might be considerably lower than the global average.  
Bushfire 
Changes in fire intensity and distribution are more likely to occur in future. Increased avarage 
temperature will increase fuel dryness and reduce relative humidity. This will be worse in regions 
with less rainfall. Beer and William used the Macarthur forest fire danger index to predict future fire 
indices. Using air temperature, relative humidity, fuel load and days since rain, the model predicted an 
increase danger for bushfires over many regions of Australia. These results were later confirmed by 




3.3 Effects of Climate Change on Resource-based Industries in Australia 
This section focuses on Australia’s exposure and sensitivity to climate change and considers the 
impacts it has on six key sectors in Australia. For the purpose of this project, only a brief analysis is 
discussed.  
The effects of climate change on the social wellbeing of the Australian population and natural assets 
will depend highly on exposure to the change in climate, the sensitivity of such exposures and the 
ability to be able to adapt to changes in climate. These components of vulnerability caused by climate 
change are illustrated below.  
 
Figure 42: Australia’s vulnerability to climate change  
(Garnaut Review, 2010) 
The Garnaut report indicates that the level of exposure and sensitivity Australia has to the effects of 
climate change is high. The severity of these impacts will depend on timing, the success of global 
greenhouse gas mitigation and on national adaptation efforts. Fortunately for Australia its potential to 
adapt is high, that is it has a high level of capability to plan for and react to the effects of climate 
change.  
Scientific literature indicates that if global development tends to continue without effective mitigation 
mechanisms the severity of climate change impacts on Australia will be high. For the next couple of 
decades it is predicted that the effects of climate change are likely to include a reduction on urban 
water supplies, water availability for agriculture and change in land temperature. Many major cities in 
regional centres are already suffering due to a decline in rainfall and stream flows.  
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It is predicted that by 2050 there would be a significant decline in agricultural production across many 
parts of the country. Irrigated agriculture across the Murray-Darling Basis will likely reduce to half of 
its yearly output, which will directly affect Australia’s ability to export food and may increase 
dependence of imported foods. This will considerably impact the economics of exports and imports.  
If a non-mitigation path is to follow, by mid–century there will be irreversible destruction on coral 
reefs such as in the Great Barrier Reef and Ningaloo. Such coral reefs will completely disappear 
causing grave implications for marine biodiversity, tourism and other related industries.  
Most of the population across Australia are concentrated along the coastal area which is likely to be at 
a high risk of cyclones and flooding. Figure 44 gives a glimpse of the state and territory impacts 








The Garnaut report (2011) analyses the likely impacts of climate change on Australia by 2100 based 
on three scenarios; non-mitigation, mitigation with 550ppm carbon dioxide equivalent and mitigation 
at 450ppm carbon dioxide equivalent. The predicted outcomes are summarised below.  
 





Variability in climate had always presented to be a challenge to the Australian industries and 
communities that rely on the use of natural resources. With the added impacts of human induced 
climate change challenge has now made this challenge even more complex.    
Through changes in water availability, water quality and average temperatures, climate change is 
likely to disturb agricultural production. Changes in average rainfall, distribution of rainfall, 
variability of rainfall and temperatures will directly affect crop production. The output of livestock 
industries will considerably be influenced by temperature increase in livestock and the availability in 
the quantity and quality of pasture (Adams 1999). 
An increase in atmospheric carbon dioxide with adequate moisture can increase the rate of 
photosynthesis results a positive impact. However this positive impact of carbon fertilisation is likely 
to be constrained by lower rainfall and higher temperature (Steffen and Canadell 2005). It has been 
estimated that a 10% reduction in rainfall can completely remove the benefit of carbon fertilisation.        
Severe whether events such as flooding and bushfires can cause agricultural production to reduce 
significantly through reduce yields and stock losses. Moreover, it is projected that a change in average 
temperature can increase the likelihood of pests and diseases spreading throughout crops and farms. 
 Irrigated agriculture in the Murray-Darling Basin 
Located in south-eastern Australia, the Murray-Darling basin covers over one million square 
kilometres. Consuming roughly 70% of Australia’s irrigated water and using over 75% of the total 
irrigated land in Australia, the basin produces roughly 40% of Australia’s total gross value of 
agricultural production (ABS 2007).  
The Garnaut review (2011) considered the likely impacts of climate change on several irrigated 
production groups such as sheep and beef products, dairy, other livestock, broad-acre and other 
agriculture (stone fruits, grapes and vegetables). The review found that there were substantial 
differences between the consequences of an unmitigated casse and one of global mitigation. The 
48 
 
predicted change in economic value due to human induced climate change on food production in the 
Murray-Darling basin is given below.  
 
Figure 45: Decline in economic value of agricultural production (Garnaut Review, 2010) 
In an unmitigated scenario, production in the Basin continues for some time. But with the decline in 
runoffs it is likely that the ability for the Basin to produce quality crops will reduce and by 2030 it 
will decline by 12% in economic value. By mid-century it will fall by 49% and by the turn of the 
century it will fall by 97%. 
This decline will not be severe if there would be a commitment to reduce greenhouse gas 
concentrations to 550ppm carbon dioxide equivalent. By 2030 economic production will fall by 3% , 
by 2050 wild increase to 6% and by the end of the century 20% of production will be lost. Reducing 
greenhouse gas concentrations to 450ppm carbon dioxide equivalent will not make much difference 
until 2100 where only 6% would be lost.  
Natural resource based tourism in Australia 
Australia’s natural landscapes are critical to the tourism industry. The industry generated 
approximately AUD$37.6 billion per annum for 2006-2007. Another $21 billion was generated from 
international tourism (total exports) (ABS 2008a).  
The Great Barrier Reef and tropical rainforests in north Queensland, the Kakadu deserts of Central 
Australia, the West Australian Ningaloo reef and coastal surroundings, the Alpine regions of New 
South Wales, Victoria and Tasmania are examples of leading tourist attractions that are defined by 
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features of the natural environment. Many of these are World Heritage areas which gives Australia an 
international legal obligation to protect.     
Unmitigated climate change can lead to loss of attractions, reduce the quality of attractions and 
increase costs of adaptation threatening each of these attractions. Other tourist activities such as 
beach-based activities, fishing, camping, viewing of wildlife, trekking and climbing outside the 
hottest times of the year may profit from drier and warmer conditions. However, increased hazards of 
storm surges, flooding, heatwaves, fires, droughts and cyclones are likely to reduce tourism.    
Effects on critical infrastructure and coastal settlements 
The change in climate will have substantial effects on the infrastructure crucial for the operation of 
industries and settlements across Australia. This will occur via changes in intensity and frequency of 
severe weather events. Almost all regions are already experiencing the impacts caused by a reduction 
in rainfall on water supplies. All capital cities except Darwin and Hobart are now relying on strict 
restrictions on water use.  
 Under an unmitigated case mainstream Australian science indicate that many major population 
centres across the nation will need to increase their water supply systems using new water sources 
towards mid-century. By using an infrastructure impacts criteria (figure 47) the Garnaut review plots 




Figure 46: Infrastructure impact criteria (Garnaut Review, 2010) 
 
Figure 47: Magnitude of impacts to water supply infrastructure across Australia (Garnaut Review, 
2010) 
The above figure shows that South Australia and Western Australia will be the worst off due to the 
impacts of climate change and critical developments in new water sources will need to be undertaken 
as a matter of urgency.  
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The IPCC (2007) observed that nearly 80% of the Australian population lives within 50km from the 
coastline. Coastal settlements have grown rapidly over the past couple of decades and will tend to 
grow towards 2050.  
Unfortunately these settlements are the most vulnerable for experiencing extensive damages due to 
unmitigated climate change. Localised flash flooding caused by severe storms and by an increased 
magnitude of sea-level rising may cause irreversible effects on settlements. Low moisture content in 
soil before heavy rainfall would increase the magnitude and impact of flooding. Low soil moisture 
content between flooding episodes can lead to ground movement weakening foundations and causing 
buildings to collapse. Extreme rainfall, temperatures and wind may further accelerate degradation of 
building assets and structures while increasing their maintenance costs.   
 
Figure 48: The magnitude of impacts on buildings in coastal settlements (Garnaut Review, 2010) 
Effects on human health 
Climate change will play a crucial role in human heath in many ways. Some may be caused by 
extended heatwaves while others may occur indirectly through disturbances of natural ecosystems 
such as an increased activity in mosquito population. Most of these effects will be spread unevenly 
across communities and regions in Australia. These health effects will be worst among low-income 
households affecting the young, elderly and sick. People with lack to good housing, food and 
drinkable water will be at a disadvantage.  
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Some of the main health risks in Australia include and is not limited to; 
 Impacts caused by severe weather events such as storms, floods, bushfires and cyclones.  
 Impacts caused by heatwaves and temperature extremes.  
 Water-borne infectious diseases and health risks of poor water quality in flooded areas.  
 Vector-borne infectious diseases such as dengue and Ross river virus. 
 Air pollution caused by bushfire smoke.   
 Diminishing food production, low quality food production causing malnutrition. 
 Food-borne infectious diseases. 
 Decline in mental health due to social, economic and dislocation of settlement.   
Exposure to extended heatwaves and temperature extremes can promote various physical changes 
including heart attacks, cramping and stroke. It is the young and the elderly who are most likely to 





Chapter Four: The Importance Reducing Greenhouse Gases 
4.1 The Role of Greenhouse Gases 
A layer of gases within Earth’s atmosphere naturally creates the greenhouse effect.  Scientist strongly 
believes global climate change is caused by the greenhouse effect and the main contributor is the 
increased concentration of atmospheric carbon dioxide.  
Greenhouse gases have the ability to trap and reflect solar radiation. Without these gasses in place, a 
large portion of solar radiation will be reflected back into space causing Earth’s temperatures to drop 
making it much cooler for life to survive. The greenhouse gases acts as an insulated blanket absorbing 
most of the reflected solar radiation and radiates back on to the Earth’s surface making the planet 
warmer and ideal for life to thrive. However, since the industrial revolution human activities have 
contributed to an increased amount of greenhouse gas emissions especially in carbon dioxide which is 
the principal output of combustion of fossil fuels.  
Carbon dioxide is the second largest greenhouse gas. Discussions about climate change and 
environmental protection focus on this gas since it plays a significant role in increasing Earth’s 
average global temperature.  
4.2 The Carbon Cycle 
Almost all materials on Earth are made of carbon and the amount of carbon is naturally regulated via 
the carbon cycle. The carbon cycle is a natural cycle in which carbon molecules are exchanged 
between Earth’s biosphere, geosphere, pedosphere, hydrosphere and atmosphere. The carbon cycle 
describes how carbon is transferred, recycled and reused throughout the biosphere and works 




Figure 49: The carbon cycle occurring naturally (Vision Learning, 2013) 
The carbon cycle works in balance with nature. This balance is broken when human activities emit 
more carbon in the form of carbon dioxide into the environment than it can absorb and reuse. 
Undoubtedly this has significant implications on the planet.  
4.3 Carbon Footprints 
Carbon profile also known as carbon footprint is an estimation of the overall amount of carbon 
dioxide and other greenhouse gas emissions associated with the production of goods or services. 
Some examples include producing electricity and heat generation from fossil fuels, transportation, 
various industrial processes and agriculture. The severity of greenhouse gases is measured using the 
global warming potential indicators.  
The Global Warming Potential (GWP) is an indicator defined by the IPCC and is used to quantify the 
relative effects of a greenhouse gas in terms of climate change for a fixed period of time (IPCC 
defined the fixed period of time to be 100 years GWP100).  The GWP of the greenhouse gases can be 
added up to obtain a single indicator that expresses the overall impact these gasses have on climate 





Type of Gas Chemical Formula GWP100 
Carbon Dioxide CO2 1 
Methane CH4 25 
Nitrous Oxide N2O 298 
HFCs - 124-14800 
Sulphur Hexafluoride SF6 22800 
PFCs - 739 - 12200 
Table 1: Global warming potential of greenhouse gases (IPCC, 2007) 
Concerns about climate change are increasing and by establishing carbon emissions as a casual factor, 
many organisations are tracking carbon footprints to estimate their own contributions to global 
climate change. There are various procedures in place which help organisations measure their 
footprints. The scope of these protocols differ but commonly suggests assessing only direct emissions 
and emissions from purchased energy with less emphasis on supply chain emissions.     
In contrast, many standards have been developed allowing complete environmental life-cycle 
assessment techniques which track total emissions across the supply chain. However, experts suggest 
that analysing intricate processes providing goods and services within the supply chain can lead to 
incorrect assumptions and large underestimates of carbon emissions.     
On average direct emissions from the industry contributes to about 14% (often called Scope 1 
emissions) of the total carbon emissions while direct emissions and energy input contribute a further 
26% (Scope 1 & 2) (Matthews & Hendricks 2008). Without complete knowledge of their footprints, 
organisations are unable to device and incorporate the most effective and economically viable carbon 






4.4 Australia’s Greenhouse Gas Emissions 
Australia generates approximately 1.5% of the global greenhouse gas emissions (Carbon Neutral, 
2013). However, Australia has the highest greenhouse gas emissions per person of any OECD country 
and is among the highest in the world. In 2006 per capita emissions were at 28.1 tonnes carbon 
dioxide equivalent (Gaenaut 2011). In June 2012, Australia’s national inventory emissions per capita 
were about 24.4 tonnes carbon dioxide equivalent (Carbon Neutral, 2013) placing Australia as the 6
th
 
largest polluter per capita. Australia’s per capita emissions are almost twice the OECD average and 
roughly more than four times the world average.  
 
Figure 50: Australia’s greenhouse gas emissions per capita (Garnaut Review, 2010) 
 
 
Figure 51: Australia’s greenhouse gas emissions per sector (Carbon Neutral, 2013) 
In 2006 Australia’s total greenhouse gas emissions were estimated to be 576 Mt carbon dioxide 
equivalent (DECC 2008a). From 1990 to 2006 net emissions grew by 4.2% (23.4 Mt). Australia’s 
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greenhouse gas emissions due to energy related activities (stationary, transport and fugitive) were 
estimated to be 417.4 Mt carbon dioxide equivalents in 2010 which equates to around 76.9% of the 
net emissions excluding land use and forestry. (Carbon Neutral, 2013). This escalated by 40% from 
1990 to 2006 (DCC 2008b). Electricity generation, transport and manufacturing contributed around 
40.5 Mt carbon dioxide equivalents (55.4% of total national emissions) and increased by 44.2% 
between 1990 and 2010 (Carbon Neutral, 2013). 
Australia rates first in energy related greenhouse gas emissions per capita and is the seventh highest in 
the world. In 2005, per capita emissions were nearly 67% higher than OECD countries and roughly 
four times the world average (Garnaut 2011).  
 
Figure 52: Per capita emissions due to energy related activities (Garnaut Review, 2010) 
The emissions intensity of Australia’s primary energy supply is the second highest among OCED 
countries and 30% higher than the world average. Fossil fuels are the widely used source for 
Australia’s primary energy generation. Compared to other OCED countries Australia derives more 
than 40% of its primary energy supply from coal (Garnaut 2011). 
 




Figure 54: Fuels used in Australia’s electricity generation, 2009-2010 (Carbon Neutral, 2013) 
Figure 56 below describes Australia’s primary energy consumption by sector. Coal dominates the 
electricity generation sector while oil governs the transport sector. The manufacturing sector is 
composed of coal, oil, natural gas and biomass.  
 
Figure 55: Primary energy consumption by sector (Carbon Neutral, 2013) 
Australia’s emission intensity due to primary energy supply is on the rise since 1971 compared to 
OCED countries. This increase is largely due to Australia’s reliance on coal for electricity generation 
at a time when other developed countries have shifted their generation to renewables and other lower 




Figure 56: Emissions intensity trend of Australia and OCED countries (Garnaut Review, 2010) 
Australia has a 22% higher electricity consumption rate compared to other OCED countries. Per 
capita emissions due to fossil fuels based electricity generation is more than three times the OCED 
average.  
 
Figure 57: Electricity emissions per capita in 2005 (Garnaut Review, 2010) 
The transport sector heavily depends on petroleum products. In 2010, Australia’s net greenhouse gas 
emissions due to transport was 83.2 Mt carbon dioxide equivalent  (15% of net emissions) and this 
grew by approximately by 32% from 1990 to 2010 (Carbon Neutral, 2013). Total greenhouse gas 
emissions per capita due to transport places Australia as the fourth highest of OCED countries and the 
seventh in the world.  
 
Figure 58: Greenhouse gas emissions per capita due to transport in 2010 (Garnaut Review, 2010) 
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Road transport was the main cause of transport emissions in 2010 accounting for roughly 71.5 Mt 
carbon dioxide equivalents (86% of net emissions). Passenger cars were the largest emitting source 
contributing 41.7 Mt carbon dioxide equivalents (Carbon Neutral, 2013). 
Australia’s per capita emissions contributing due to agriculture are more than six times the world 
average and places Australia third in the OCED country list.  
 
Figure 59: Australia’s per capita emissions due to agriculture (Garnaut Review, 2010) 
The agriculture sector produced the majority of the nation’s methane and nitrous oxide emissions. In 
2010, agriculture produced an estimate of 79.5 Mt carbon dioxide equivalents (14.6% of total 
emissions) (Carbon Neutral, 2013).  
 
Figure 60: Australian agricultural sector emissions in 2010 (Carbon Neutral, 2013) 
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Based on the structure and growth of the Australian economy, fuel mix and electricity generation the 
Garnaut review (2011) predicts that emission intensity will grow about 85% by 2050 260% by 2100. 
 





Chapter Five: Importance of Carbon Footprint Assessments 
5.1 Background 
Impacts from human activities have caused rising concerns in environmental impacts, climate change 
and energy costs leading to changes in policies that incorporate energy efficiency and energy 
management practices by many government and private institutions.  
Universities deliver a wide range of services and have many opportunities to amend operating 
procedures to reduce both energy consumption and carbon emissions. Universities provide building 
infrastructure, laboratories, on-campus housing, recreational facilities and transportation services. The 
day-to-day operations within these aspects can negatively impact the health of the environment and 
climate. Typically, purchased electricity (from coal fired power plants) is the major contributor for 
greenhouse emissions while emissions from campus fleet vehicles and solid wastes add to the 
pollution. The impacts caused by these emissions can be measured (or estimated) and compared by 
assessing the overall greenhouse gas emissions released through each process. Such an assessment is 
commonly referred to as a “carbon footprint”.   
Fortunately, it is possible to manage operations in such a way that energy efficiency is increased while 
environmental impacts are reduced resulting lower long term costs. In addition to the cost and benefits 
of increasing energy efficiency and reducing environmental impact of current operations, universities 
can place themselves in a more competitive and sustainable position in future.  As a carbon restrained 
world becomes obvious, universities are in a position to be ahead of the curve by reducing greenhouse 
gas emissions in preparation for future emissions regulations at the national level (Ferraro, A.  2009). 
Engaging in assessing greenhouse gases provides a starting point for measuring the progress and 
allows institutional leaders to identify specific areas where dramatic improvements can be made in the 
short-term, make adjustments as necessary and work towards long-term carbon reduction goals. A 
carbon footprint analysis also helps to create a baseline inventory which provides a common dataset 
for establishing benchmarks and priorities during the institutions strategic planning phase and serves 
as a means for estimating resources and costs involved.     
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It is crucial to perform a greenhouse gas inventory at the beginning of a strategic planning process 
because it ensures that decisions about specific goals and investments in resources would be made 
using viable data. It also allows everyone involved to gain a clear understanding of the nature and 
sources of greenhouse gas emissions in a university and how each of these contribute to the change in 
climate.  
The Leadership in Educational Facilities (2009) outlines the following as benefits of compiling a 
carbon inventory: 
 It serves as a baseline for monitoring on-going progress.  
 Identifies main types and sources of emissions and assist in creating achievable 
strategies and tactics to reduce such emissions. 
 Identify areas of potential risk that an institution may need to address from a legal or 
regulatory standpoint.  
 Discover opportunities for incorporating purchased/on-site generation of renewable 
technologies and/or purchasing of carbon offsets.  
  It reinforces the strategic and financial planning procedures by emphasizing the need 
for specific institutional policies.  
 It underlines the importance of mitigating impacts caused by carbon emissions due to 
staff and student activities within the university boundary.  
 Identifying opportunities to encourage environmental awareness behaviour in staff 
members and students.  
 Serves as an educational tool that help stakeholders gain a better understanding of the 
scope of the problem, the opportunities and the restrictions likely to occur in moving 
towards building a greener campus.  
 To develop and implement a structured carbon management plan that assists in 
obtaining funding for implementing internal and external programs.  
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 Opportunity to participate in government policies on greenhouse gas emission 
reduction and climate change mitigation, and prepare for future legislation and carbon 
liabilities. 
 Enhance reputation and differentiate from other universities.  
Reducing greenhouse gas emissions is a data driven process and requires gathering of preliminary 
data to establish a baseline measure as a keystone for setting climate neutrality targets during the 
institutions strategic planning process and for auditing ongoing success of achieving these targets.  
5.2 Assessing Greenhouse Gases 
International Standards  
The Kyoto Protocol highlights the importance of tracking six greenhouse gases (mentioned in the 
previous chapter), but by far the main focus is on the most significant greenhouse gas – carbon 
dioxide.  
A carbon footprint of a product is defined as measuring, and managing greenhouse gas emissions 
related to goods and services. There is an increasing number of organization and institutions that 
engage in qualifying the carbon footprint in their products and services. These efforts are made due to; 
 Enhancing market reputation. 
 Engage with new clients and investors. 
 Stakeholder requirements. 
 Stepping stone towards a more comprehensive environmental footprint.  
In order to measure the greenhouse gas emissions of a product lifecycle there needs to be transparency 
and in response, several standards have been introduced over the past few years. Three of the wildly 
accepted standards are; 
 PAS 2050, a British standard was introduced in October 2008 is been used in many countries 
around the world. It was revised in October 2011. 
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 WRI/WBCSE developed the GHG Protocol product standard in 2010 and was launched in 
October 2011. 
 ISO 14064 is a new standard that focus on greenhouse gases as the most important 
environmental factor contributing to climate change and ensures that carbon footprint data 
will become comparable worldwide for the first time. Although draft versions of this standard 
had been released an official publication is due in March 2014 (ISO, 2013).  
All three of these standards offer guidelines and requirements on decisions that need to be considered 
during a carbon footprint study. These include; definition of scope and goals, data collection 
methodologies, and procedures for reporting. Furthermore, these standards provide requirements on 
particular issues associated with carbon footprints; carbon uptake, land-use change, biogenic carbon 
emissions, soil carbon change and green electricity (Pre-Sustainability, 2013).  
These standards are built on ISO 14040 and ISO 14044 that outline life cycle assessment 
methodologies. However, the draft ISO 14064 is considered as the more general standard (Goedkoop, 
M 2013). The GHG Protocol and PAS2050 provide a thorough set of guidelines and requirements but 
have less focus on analysis. Two additional standards are worth mentioning here. That is the Japanese 
carbon footprint program and the French BP X30-323 standards, both which are in their test phase but 
draft versions have been published.  
 




Choosing a Standard  
With an increased emphasis on sustainability and efforts on developing a streamlining process for 
carbon footprint analysis organisations are becoming more environmentally responsible. However, 
with the large number of initiatives and standards available, choosing the ideal standard for a carbon 
footprint analysis can be a daunting task. Some questions that arise when selecting a standard are; 
what standard to choose from? Which carbon footprint standard would work best to achieving the 
institution’s sustainability goals? Should more than one standard be used for assessing carbon 
footprints?  
Unfortunately there is no one answer that can answer these questions. Care should be taken when 
deciding which standard to use as more often conducting a carbon footprint analysis involves 
considerable amounts of resources and universities normally do not have much funding in these areas. 
Fortunately there are several steps that can be followed to choose the correct standard. Based on 
research Mark Goedkoop (2013) suggests the three steps described below.   
Step 1 
It is important to develop a scope of the organisation for which the analysis is conducted. This 
can be done through desktop research, input from internal and external stakeholders. Some 
question that can help would be: 
 What are other institutions doing? 
 Are there any sector initiatives? 
 How well will this fit with internal strategies and policies? 
 Are there any regulatory requirements that need to be accommodated? 
 What would the economics be of such an analysis? 
Once these questions are answered and a landscape map is developed, it will provide 





It is crucial to identify stakeholders and other entities internal and external to the institution 
that will be affected by the outcome of the carbon footprint analysis. Consulting with 
stakeholders help clarify various perspectives on carbon footprinting and help establish their 
view point, which must be in line with the institution’s strategic plan. A common ground 
should be established for estimating and reporting carbon footprint metrics, and making it a 
business driver for creating value by reducing greenhouse gas emissions.   
Step 3 
Create a roadmap that describes the institutions path to eco-efficiency. Define a new and 
motivational vision to align with staff members. Analyse the current situation, long-term 
goals. Break these goals into small, measurable and manageable actions. Incorporate an 
iterative approach, and document what works best and any lessons learnt on what did not 
work. This experience is fundamental for successfully reaching institutional goals.  
The above steps can help chose a standard/s that provide guidance in completing carbon footprint 
studies and provide integrity for the institution’s carbon footprint metrics while help achieving the 
defined goals reducing carbon emissions and creating new business value.  
Standards Used for the Project 
The main objective of this project was to develop a streamlined approach which can be adopted by 
universities to estimate their carbon footprint. The methodology was developed by incorporating 
requirements and guidelines based on existing national and international standards. These include:  
 ISO 14064 Greenhouse gases Part 1: Specification with guidance at the organisation level for 
the quantification and reporting of greenhouse gas emissions and removals. 
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 ISO 14064 Greenhouse gases Part 2: Specification with guidance at the project level for 
quantification and reporting of greenhouse gas emission reductions and removal 
enhancements. 
 ISO 14064 Greenhouse gases Part 3: Specification with guidance for the validation and 
verification of greenhouse gas assertions. 
 Guidelines from Greenhouse Gas protocol (2012). 
 The National Greenhouse and Energy reporting act (2007) and supporting legislation and 
documentation.  
 
5.3 Guidelines for Developing a Methodology  
Developing a methodology for carbon footprint assessment must be done with accordance to a 
number of rules. The Australian Department of the Environment defines five criteria for developing 
and validating a methodology.  
i. Completeness: The methods and assumptions used for calculating greenhouse gas emissions 
must be supported by evidence. 
ii. Transparency: The methods and assumptions used much be documented and capable of been 
independently verified.  
iii. Relevance: The methods and assumptions used for estimating greenhouse gas emissions must 
be in line with legislative requirements. 
iv. Consistency: The methods and assumptions must be consistent throughout the methodology.  






5.4 Developing the Framework  
The available literature on carbon footprints focus mainly on reducing greenhouse gas emissions in 
large organisations. It does not specify a streamlined method for calculating carbon footprints of a 
university environment. However, there are two widely used methods that can be used for calculating 
the carbon footprint of a university.  
 The Greenhouse gas inventory approach (Incorporates ISO 14064:2006, National Greenhouse 
and Energy reporting (NGER Act) and GHG Protocol guidance). 
 The Life Cycle Analysis (LCA) approach (ISO 14040:2006). 
Universities may choose to use either the Greenhouse Gas Protocol method or the life cycle method to 
measure and report their greenhouse gas emissions. Regardless of which method is chosen, it should 
be applied consistently throughout the analysis. The guidelines published in the Greenhouse Protocol 
(2012) standard are used for the purpose of this project.  
The Greenhouse Gas Protocol (2012) specifies creating a greenhouse gas emissions inventory report 
which includes; 
1. Define the scope and institutional boundary. 
2. Determine the GHG sources within the selected boundary. 
3. Select a base year for reference. 
4. Collect activity data.  
5. Select method of calculation. 
6. Include all assumptions and exclusions made. 
7. Complete necessary documentation.   
The author believes documentation is an important aspect of any assessment; therefore it is included 
as an extra but crucial step.  
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Defining the Scope and Boundary  
The starting point for any institution in reducing their carbon emissions is to first understand where 
and how these emissions are created. At this stage, it is crucial to understand the processes and 
activities to have an overall idea about the way the university operates. 
The boundary defines the activities that a university must include in its carbon footprint assessment. 
The boundary should be selected carefully and must be documented. A university may wish to 
estimate the greenhouse gas emission attributed to the whole university, only a part of the university 
or an event. This project focus on assessing the carbon footprint of a whole university therefore all 
facilities under the operational control of the university will be bounded by the assessment.  
Sources of Emissions  
It is important to understand the type and sources of greenhouse gas emissions that occur within an 
institution. The Australian Department of the Environment defines three types of emissions.  
1. Direct emissions (Scope 1 emissions) 
2. Indirect emissions (Scope 2 emissions) 
3. Other emissions (Scope 3 emissions) 
Examples of these three emissions categories are shown below. 
 




Direct Emissions  
Also knows as Scope 1 emissions, these arise as a result from activities from sources within the 
boundary of an institution. Such activities include; 
 On-site generation of electricity, heat and steam (using fossil fuels). 
 Transportation of personal, material, product and waste by vehicles owned and operated by 
the reporting institution. 
 Fugitive emissions (intentional and unintentional) such as leakage of refrigerants, methane 
and natural gas leaks from seals and joints.  
 Onsite-waste management such as recycling and landfill emissions.  
In the context of Australian universities, the direct emissions they have are from fuel used on fleet 
vehicles and the use of natural gas. Emission factors are used to calculate the amount of greenhouse 
gas emissions and provide the result in kilograms of carbon dioxide equivalent emitted per unit of 
activity at the point of emissions release such as fuel use, electricity generation and waste disposal.  
Indirect Emissions  
These emissions are triggered as a result of institutional activities but are actually produced off-site by 
activities of another organisation. For example: burning fossil fuel at the power station to generate 
electricity that is consumed on-campus.  
The most important indirect emission is from consumption of electricity since this normally accounts 
for the majority of greenhouse gas emissions in any institution. Other indirect emissions include 
emissions from purchased heating and cooling and purchased steam. Emissions produced from 






Other Indirect Emissions 
This category includes greenhouse gas emissions from sources not owned or directly controlled by an 
institution but related to day-to-day activities. These include employees and students commuting, 
business travel, consumables, accommodation, contracted solid waste disposal, fright transportation 
and water consumption.  
The following can be identified as Scope 3 emissions sources in a university;  
 Fuel and energy related activities (not bounded by scope 1 or scope 2) 
 Upstream transportation and distribution.  
 Employees (teaching and non-teaching) and students commuting. 
 Business/air travel. 
 Purchased goods and services. 
 Water use. 
 Operational waste disposal  
 Downstream leased assets.  
 Agriculture and gardening.  
The Greenhouse Gas Protocol (2012) states that organisations should consider calculating Scope 3 
emissions that is relevant when; 
 The Scope 3 emissions of a certain activity are likely to be larger than Scope 1 and Scope 2 
emissions.  
 Scope 3 emissions that are believed to be important by stakeholders.  
 The Scope 3 emissions from specific sources contribute to the organization’s greenhouse gas 





Scope 3 emissions may be ignored when; 
 The total emissions from a particular activity are small (compared to other Scope 3 
emissions). 
 Calculating the emissions is costly and time consuming compared to their likely importance.  
 There is insufficient data. 
A university must at a minimum calculate all direct (Scope 1) emissions and indirect (Scope 2) 
emissions from the use of electricity, gas, heating, cooling and fuel usage that are associated within 
the chosen boundary. However, an institution should not ignore any Scope 3 emissions that would 
compromise the overall integrity of the carbon footprint assessment.  
It is important for universities to calculate their Scope 3 emissions. Unfortunately, measuring Scope 3 
emissions may be a difficult and time consuming process, thus most universities opt out in calculating 
Scope 3 emissions. However, it should be understood that calculating Scope 3 emissions identify 
opportunities for emission reductions, efficient use of resources and potential savings across their 
supply chain.   
Selecting a Base Year  
It is important to determine a suitable base year for evaluating emissions on an annual basis and to be 
compared over time. The base year can be an academic, fiscal or calendar year and should provide a 
truthful snapshot of facilities, types of technologies in use and campus populations. When selecting a 
base year; 
 Select the earliest year for which activity data are available and a complete carbon footprint 
assessment could be produced.  
 If activity data for a single year are unreliable or unavailable use averages taken from 
previous years.  




Collecting Activity Data 
A university must collect all data related campus activities within the defined boundary. A carbon 
footprint analysis depends heavily on this data, therefore it is imperative to start early in the process 
and try to gather as much data as possible. Activity data should be recorded methodically on a 
periodic basis (eg: weekly, monthly, quarterly or yearly).   
Usually this information is kept on record by the facility management office. Meetings the facility 
manager and other key personal will aid in obtaining the necessary data. If some data are unavailable, 
it is possible to take averages from previous years and use them. However, these estimations should 
not compromise the integrity of the overall assessment. Once the necessary information is gathered a 
suitable calculation method can be applied to calculate the carbon footprint.  
Selecting a Method of Calculation 
At a minimum a university must calculate Scope 1 and Scope 2 emissions. Selecting the best set of 
tools to perform the calculations can be tricky. The literature suggests three techniques commonly 
used for carbon footprint assessments.  
1. Use conversion formulas and emission factors.   
A crude way of calculating carbon footprints is to use emission factors and formulas to 
determine the greenhouse gas emissions in carbon dioxide equivalent the following formula 
can be used. For example, to obtain the emissions released from consuming purchased energy 
can be calculated using the formula: 
 
where energy consumption is expressed in kWh or GJ and the emissions factor is the 
coefficient in Kg CO2-e/kWh. The latest National Greenhouse Account factors can be 
obtained from the Department of Climate Change and Energy Efficiency website.  
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This approach can be tedious and is prone to errors in calculations. A simple mistake can have 
a significant effect on the overall assessment.  
2. Use a certified carbon footprint calculator.  
Many organizations have published carbon footprint calculators which can be used free of 
charge to measure Scope 1, 2 and 3 emissions of an organization. These excel spreadsheet 
based calculators incorporate the same conversion formulas and emission factors but the 
mathematics are embedded within the excel spreadsheet and are hidden from the user. The 
user enters the activity data in the designated fields and the greenhouse gas emissions are 
calculated in carbon dioxide equivalents.  
It is important to note that these calculators come in many forms therefore it is vital to select a 
calculator that incorporate the correct emission factors for the region the carbon footprint is 
assessed for. Also, make sure the calculator permits computing the greenhouse gases defied in 
the scope of the assessment.  
3. Get a certification body to conduct a carbon footprint assessment.  
There are many organizations who conduct carbon footprint assessments and depending on 
the scope these assessments can be very costly. Unfortunately due to budget restraints, 
universities may not have sufficient funds to hire a company to assess their footprints on a 
periodic basis.  
Documentation 
Proper documentation is a very important aspect of the assessment. Every part of the assessment, from 
the beginning to the end must clearly be documented. It should also include any lessons learnt since 
this will greatly increase the overall efficiency of future assessments. All documents should be 




Chapter Six: Case Study from Edith Cowan University  
6.1 Background  
The primary objective behind the case study was to apply the carbon footprint assessment 
methodology developed in the previous chapter and to a West Australian University and calculate its 
carbon footprint. The case study also tried to identify possible improvements that can be made or 
added into the methodology making it more efficient in future calculations.  
The National Greenhouse and Energy Reporting Act (2007) specify two emission thresholds 
organisations should adhere to (CER 2013).  
 25 kilotons carbon dioxide equivalents for facilities  
 50 kilotons of carbon dioxide equivalent for corporations.  
In order to comply with the above threshold, Australian universities are now maintaining data for 
energy, water and waste management and are benchmarking their environmental footprint against 
other higher education institutions through the Tertiary Education facilities Management Association 
(TEFMA). While the NGER Act specifies only Scope 1 and Scope 2 emissions TEFMA considers 
Scope 3 emission in their reports.  
In addition, many universities have implemented their own in-house sustainability/environmental 
policies and have aligned them with the university’s strategic development policies as an attempt to 
becoming more environmentally responsible. Murdoch University of Technology, Curtin University 
of Technology, Edith Cowan University and University of Western Australia were considered for this 
case study.  
Edith Cowan University (ECU) had implemented a comprehensive Environmental Management 
System (EMS) policy to manage impacts of their activities had on the environment. This was done 
according to ISO 14001:2004 standard. Due to the quality and depth of data available from Edith 
Cowan University, the author believed that performing a carbon footprint assessment on Edith Cowan 
University would yield the best results necessary to verify the reliability of the assessment framework. 
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ECU defines their EMS as “policy sets the strategic scope of Edith Cowan University’s commitment 
to environmental sustainability in the appropriate management of the organisation and its operations, 
the engagement of students and staff in principles and applications of sustainability and the 
engagement of and collaboration with the broader community”.  
ECU outlines the following as key objectives and targets as part of their ISO 14001:2004 
Environmental Management Systems strategy.  
Objective: To reduce energy consumption and greenhouse gas emissions related to university 
activities and to become carbon neutral by 2030. 
Targets for 2013: ECU aims for 1-3% decrease in Scope 1 and Scope 2 emissions generated 
by electricity consumption by 2014 from 2008 levels.  
Objective: Reduce greenhouse gas emissions associated with students and staff commuting to 
university. 
Target: Increase 1-3% staff and students commuting using active forms of transport by 2014.  
Objectives and targets not relevant to this project are not mentioned here.  
6.2 Case Study: Edith Cowan University 
The Scope of the Assessment 
Edith Cowan University has four facilities under their operational control in Western Australia.  
 Joondalup campus – 270 Joondalup drive, Joondalup.  
 Mount Lawley campus – 2 Bradford Street, Mount Lawley.  
 Bunbury Campus – 585 Robertson Drive, Bunbury. 
 STEPS Professional development Centre – 234 great Eastern Highway, Ascot.  
The four facilities operate as a single campus. The project scope encompasses all greenhouse gas 
emissions from these facilities. It should be noted that the STEPS facility share their occupancy with 
another office, therefore only 50% of the emissions are assumed to be attributed for the STEPS 
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facility operations. The boundaries of these properties chosen for the project are outlined using 
campus maps and are given in Appendix A.  
Defining Sources of Emissions 
The emission scopes were defined using documentation provided from ECU facilities management 
office. The suggested Scope 1, Scope 2 and Scope 3 emissions are given in table 1 below. 
 
Table 2: Sources of emissions at Edith Cowan University (Survey 2013) 
It should be noted that all Scope 3 emissions related to campus activities may not be included in the 
table above. There may be other Scope 3 emissions sources within the university boundary not 
revealed by ECU. It is assumed that these sources are small and would not affect the overall result 





Scope Source of emissions
Natural gas consumption
Fuel consumed by feet vehicles
Fuel consumed by machinery
Fugitive emissions due to leaks






Waste management and disposal
Events on campus
Electricity (not included in scope 2)
Natural gas consumption (Not included in Scope 1)
Fuel consumed by feet vehicles (Not included in Scope 1)
Scope 1 (Direct emissions)
Scope 3 (Other emissions)
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Selecting a Base Year 
Edith Cowan University implemented their first environmental management system plan in 2008. As 
a result, since then the University’s Facility Management Office had collected activity data for all 
sources of emissions. Therefore, 2008 was chosen as the reference year as it had the most complete 
and accurate set of data.    
Collecting Activity Data 
As part of the EMS, Edith Cowan University’s Facility Management Office kept track of invoices and 
data regarding all on-campus activities. Data related to Scope 1 and Scope 2 emissions data were 
gathered from invoices and were later entered into an excel spreadsheet.  Obtaining Scope 3 data was 
difficult, but with considerable effort sufficient data was obtained in excel format. The formatted data 





Source Campus Usage (kWh) Usage (GJ)   
Natural Gas 
Joondulup 3,189,237.30 11,451.25   
Mt Lawley 2,530,001 9,108.00   
STEPS 0 0.00   
Bunbury 79,634 286.68   
Electricity 
Joondulup 12664815.8     
Mt Lawley 8339644.3     
Bunbury 1610884     
STEPS 17705     




Usage (Kg)   
Fugitive Emissions 








Bunbury R22 207   
STEPS R22 18   
     
Source Campus Usage (Petrol L) Usage (Diesel L)   
Fleet Vehicles  
Joondulup 19292 5947   
Mt Lawley 10032 3458   
STEPS 0 0 
  
 





    
  
 (Survey 2013) 
 
Table 3: Activity data for Scope 1 and Scope 2 sources 
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  Type of Flight Distance (km)   
 
Air Travel 
Short haul (economy) 288200   
 
Medium haul (economy) 7084253   
 
Medium haul (business) 1038980   
 
Long haul (economy) 10075515   
 
Medium haul (business) 549162   
 
Long haul (First class) 105315   
 
     
Waste Management Recycled Landfill  Construction Commercial 
Weight (tonnes) 1,507,723 530.5 3 11 
   
     
Consumables Value (Aud $) Weight (tonnes)   
 
Stationary 396631.71     
 
Printing paper   76.28492   
 
Toners 62,329     
 
     
Water usage Supplied (ML) Discharged (ML) Discharge factor   
Joondulup 57.898 3,934,596 75%   
Mt Lawley 51.771 43.4235 76%   
Bunbury 13.087 12.43265 95%   
STEPS 0.105 0.09975 95%   
     
Events Expenditure (Aud $) 
   
Venue 14010 
   
Food 45963 
   
Table 4: Activity data for Scope 3 sources (Survey 2013) 
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Greenhouse gas emissions due to student/staff commuting to university is an important Scope 3 
source, however the university had not recorded any data for this category, therefore this source is 
excluded from the analysis.  
It is important to understand that ECU keeps this information confidential. The data was provided for 
education purposes only.  
Selecting a Calculation Method 
Selecting the proper calculation method is a vital part in a carbon footprint assessment because the 
overall integrity of the assessment and results depends heavily on the chosen method. Considering the 
three calculation methods described in Chapter 5, a certified carbon footprint calculator was used in 
an effort to reduce the complexity of calculations and prevent any mathematical errors that may occur. 
A certified carbon footprint calculator was obtained from Carbon Neutral; a West Australian non-
profit organisation that specializes in carbon offset solutions. The carbon calculator is designed to 
comply with the Greenhouse Gas Protocol and used the National Greenhouse Accounts factors 
published by the Department of Climate Change and Energy Efficiency.   
Carbon Neutral has two types of carbon footprint calculators available.  
i. Online carbon footprint calculator available at http://www.carbonneutral.com.au/carbon-
calculator.html. 
ii. A comprehensive excel spreadsheet based calculator available upon request.  
The excel spreadsheet based carbon emissions calculator (incorporating 2012 NGA emission factors) 
was obtained for calculating the carbon footprint of Edith Cowan University. The calculator is the 







The carbon footprint for Edith Cowan University for calendar year 2012 (1
st
 of January to 31
st
 
December) was calculated with the use of a carbon footprint calculator provided by Carbon Neutral 
(The version that incorporated 2012 NGA emission factors was used). Table 4 summarise the results.  




Scope 1 (Direct 
emissions) 
Natural gas consumption 1070.71 
Fuel consumed by fleet vehicles 107.65 
Fugitive emissions due to leaks 63.5 
Scope 2  (Indirect 
emissions) 
Electricity purchased from the grid 18559.07 
Scope 3 (Other 
emissions) 
Air travel 4067.89 
Water usage 281.28 
Consumables 100.28 
Waste management and disposal 596.25 
Events on campus 185.02 
Electricity (not included in scope 2) 2263.8 
Natural gas consumption (Not included in Scope 1) 83.84 
Fuel consumed by fleet vehicles (Not included in Scope 1) 8.42 
Total   27387.71 
Table 5: The total greenhouse gas emissions for ECU for 2012  
The total greenhouse gas emissions at ECU for year 2012 were calculated to be 27387.71 tonnes of 
carbon dioxide equivalent. The greenhouse gas emissions per student was approximately 1.16 tonnes 




Table 6 and Figure 65 illustrate greenhouse gas emissions by scope.  
Emission Scope Total emissions  (t CO2-e) 
Scope 1  1241.86 
Scope 2  18559.07 
Scope 3  7634.49 
Table 6: Total greenhouse gas emission by scope  
 
Figure 64: Total greenhouse gas emission by scope: 
Analysing figure 65 shows that 4% of the total greenhouse gas emissions within ECU fell under 
Scope 1. The majority of the emissions (68%) are from Scope 2 due to the use of purchased electricity 
from the grid and Scope 3 emissions accounted for the remaining 28%. Carbon dioxide was the most 
common greenhouse gas emitted followed by methane and nitrous oxide. 













 Source 2008 (tCO2-e) 2009 (tCO2-e) 2010  (tCO2-e) 2011  (tCO2-e) 2012 (tCO2-e) 
Scope 1 Natural gas 948.48 754.46 950.34 1,007.05 1,070.71 
Vehicle Fleet 197.09 166.01 156.32 140.11 107.65 
Fugitive emissions 223.25 223.25 29.1 79.87 63.5 
Scope 2 Electricity 22,879.07 17,963.06 18,125.53 17,858.29 18,559.07 
Scope 3 Air Travel 5,094.86 7,600.70 500.67 6,790.39 4,067.89 
Consumables  335.13 376.98 25.14 157.65 100.28 
Waste Management 534.49 821.41 912.54 286.26 596.25 
E-waste 4,219.60 1,267.00 74.2 0 0 
Water Consumption 16.14 8.07 203.06 343.13 281.28 
Natural gas 65.08 64.67 74.06 77.61 83.84 
Electricity 2,457.47 2,138.46 2,210.43 2,901.97 2,263.80 
Vehicle Fleet 14.25 13.03 12.26 10.66 8.42 
Events 1,606.11 43.27 21.31 136.48 185.02 
Total   38591.02 31440.37 23294.96 29,789.47 27,387.71 
Emissions per Student  1.84 1.41 0.96 1.25 1.16 






Figure 65: ECU’s total greenhouse gas emissions from 2008 to 2012 
From 2008 to 2010 total greenhouse gas emissions had reduced significantly, where in 2010 total 
emissions were approximately 30% less compared to 2008 levels. Despite reduced number of students 
enrolled in 2011, total emissions increased by nearly 22% as a result of increased natural gas 
consumption, increased number of air travel and a rise in water use compared to 2010. Between 2011 
- 2012 total greenhouse gas emissions had reduced by roughly 9%.  
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Total GHG Emissions per Student  




Figure 66 shows that the total greenhouse gas emissions per student were 1.84 tCO2-e in 2008. This 
had steadily dropped towards 2010 at 0.96 tCO2-e, but in 2011 emissions levels per student increased 
to 1.25 tCO2-e. This dropped by roughly 8% to 1.16 tCO2-e in 2012. 
The author compared these results with total greenhouse emissions from other universities in Western 
Australia. Curtin University of Technology and University of Western Australia measured only Scope 
1 and Scope 2 emissions. Murdoch University of Technology did measure emissions for all three 
scopes but due to uncertainties in Scope 3 emissions data, only Scope 1 and Scope 2 emissions were 
considered. For comparison, Scope 3 emissions from Edith Cowan University are not included.  
 
GHG Emissions (tonnes CO2-e) 
 
2008 2009 2010 2011 2012 
ECU 24247.89 19106.78 19261.29 19085.32 19800.93 
Curtin 36520.18 34575.62 35132.75 35430.04 36551.27 
UWA 44643.53 46589.05 47312.60 46306.60 45817.95 
Murdoch     13906.17 15236.01 16204.81 
Table 8: Scope 1 and Scope 2 GHG emissions from 2008 to 2012  
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2008 2009 2010 2011 2012 
ECU 21288 22274 24512 23864 23515 
Curtin 42266 43602 46911 47318 50106 
UWA 19,520 21,091 22,590 23,792 24,435 
Murdoch 16,647 17,701 18,103 19,733 22,602 
Table 9: Total number of students enrolled (Survey 2013) 
 
GHG Emissions (tonnes CO2-e) 
 
2008 2009 2010 2011 2012 
ECU 1.14 0.86 0.79 0.80 0.84 
Curtin 0.86 0.79 0.75 0.75 0.73 
UWA 2.29 2.21 2.09 1.95 1.88 
Murdoch - - 0.77 0.77 0.72 
Table 10: Scope 1 and Scope 2 GHG emissions per student from 2008 to 2012 
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Figure 69: Trend of GHG emissions per student from 2008 to 2012  
From the graphs above, it can be seen that UWA had the highest greenhouse gas emissions per 
student compared to other universities. Although there had been slight change in the overall totals, 
emissions per student had dropped steadily from 2.29 tCO2-e in 2008 to 1.88 tCO2-e in 2012.  Scope 1 
and Scope 2 GHG emissions for Curtin University and Murdoch University had marginally increased 
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Chapter Seven – Discussion, Recommendations and Future Research 
7.1 Discussion and Recommendations  
Climate change is real and it is occurring at an unprecedented rate. Although not yet proven by 
science, the majority of scientists around the world believe that climate change is the only viable 
answer that can explain the environmental impacts observed around the globe. If nothing is done to 
control and mitigate the sources that cause Earth’s climate to change, not only that these impacts will 
continue to grow but will also increase in severity.  
The human species are given two options to choose from which ultimately will draw two possible 
futures.  In the first option, humans can continue their business-as-usual behaviour and continue to 
pollute the planet, causing significant changes in Earth’s climate system that will result in 
unrecoverable changes in ecosystems affecting the way the planet operate, affecting its health, 
affecting endangered species that could be driven to extension and finally affecting human health.  
In the second option, the human species need to change their destructive behaviour, become 
environmentally responsible and reduce any negative impacts they cause on the environment. The 
biggest change will come from reducing dependence of using fossilised fuels, developing and 
implementing renewable technologies for clean energy generation, reducing and offsetting greenhouse 
gas emissions. Doing so not only will reduce the impact human species have on the environment but 
also assure a sustainable future for generations to come, and will preserve the planet for the longevity 
of the 8.74 million species that call Earth “home”.  
The choice is obvious. The devastating prospects of option one must be avoided at all costs. It is 
important to understand that the climate system has a big influence on future generations and it is 
critical to assure that changes that are made today are for the best.  
The timing of this is very important. If by some miracle all production and utilisation of fossil fuel 
was ceased and therefore eliminating greenhouse gas emissions, the average temperature of the planet 




already discharged into the atmosphere that have yet to take effect.  By looking at the way in which 
CO2 emissions have been tracking over the past few decades it can be seen that the battle to turn 
around climate change is a massive task.  
It is clear that the global average temperature should not exceed the two-degree guard rail. By 
translating tonnes of emitted carbon to global warming, it is possible to estimate a budget for how 
much carbon that can be spent. This budget indicated that there is about 75% chance of staying within 
the Guardrail if global emissions were less than 1000 billion tonnes of CO2 between year 2000 and 
2050 (GCP, 2013).  By focusing on the end game, this type of approach indicates that the planet must 
be decarbonised completely by 2050. By analysing the amount of emissions and the rate of which is it 
currently released into the atmosphere clearly shows that the human race is overspending this budget. 
During the first 13 years of this 50 year period, 400 billion tonnes (40% of the budget) of emissions 
have already been released (Hughes, L 2013). This means only 60% of the budget is left for the 
remaining 37 years. In 2012, greenhouse gas emissions were still growing at about 14% reaching a 
record high of 31.6 gigatons (Hughes, L 2013).  
If global emissions are to peak in 2015, then emissions will have to be reduced by roughly 5.3% to 
keep within the global carbon budget. If this is delayed until 2020 for example, then the rate at which 
emissions need to be reduced per year will be 9%. This is considered to be a difficult task.  
 




An obvious question that arises here is that, can we really afford to drop excavating fossil fuels? 
Currently, 80% of total energy production is derived from fossil fuels. This is such a valuable asset 
that, in 2012 the top 200 mining companies spent nearly US$674 billion for developing fossil fuel 
resources. Governments around the world collectively spent US$523 billion in 2011 subsidising these 
resources. That is about six times the amount spent on subsidising renewable energy (ISE, 2013).  
The author strongly believes that clean energy should be made important and mandatory. More 
investment, R&D and subsidies should be given in developing these resources. In order to keep with 
the carbon budget, it is important to understand that companies and governments cannot afford to 
invest in fossil fuels anymore. A change is needed and it is needed now. The decisions made today 
will lock in the future of the human race. Many experts believe that this is the critical decade for 
action.  
It was discussed earlier in this project that the challenge of facing the impacts of climate change is 
developed around two potential paths; adaptation and mitigation.  
 
Figure 71: Climate change mitigation vs. adaptation  
(Foresight, 2013) 
Adaptation involves adjusting to the physical impacts caused by climate change. Mitigation, in 
contrast is reducing the extent of climate change itself by reducing emissions and offsetting the effects 
caused by greenhouse gas emissions. The more climate change is mitigated now the less affects that 







Figure 72: The place of adaptation in response to climate change (IPCC, 1999) 
The project focused on mitigating climate change, by developing a framework to identify and quantify 
greenhouse gas emissions as an effort for institutions to track their environmental impact. Although 
the framework was developed with a university environment in mind, this approach can be applied to 
other small to medium size organisations.   
Overall, the project completed its intended objective. The project first recognized the roots behind 
climate change, why a change in climate is important, and then briefly discussed the impacts caused 
due to changes in the climate system. Here the importance of climate change mitigation was 
highlighted. Next, the project went on to develop a streamlined approach to measure carbon footprints 
of institutions as means for mitigation. Finally, the framework was applied to an Australian university 
and the results were analysed.  
The developed framework was successfully applied to Edith Cowan University in Western Australia, 
and the carbon footprint was calculated for 2012. The results were analysed and several trends were 
identified. These results were then compared with carbon footprints obtained from Curtin, UWA and 




 Although overall emissions tend to fluctuate marginally, emissions per student are decreasing.  
 Universities have set a target for reducing greenhouse gas emission. 
 Universities are starting to understand the importance of reducing their impact on the 
environment. 
Reducing emissions is a critical aspect of any climate change mitigation plan. The author would like 
to make the following recommendations; 
 It is crucial to have set targets and work towards achieving them. Strict environmental 
management policies and targets must be incorporated into an organisation’s strategic plan. 
These targets must be evaluated periodically to make sure that progress is been made.  
 Activity data is a critical component needed for carbon footprint assessments. Organisations 
must keep record of data related to all sources of emissions. These data must be recorded and 
achieved using a standard format, assuring there is no double counting, or missing 
information. Uncertainties must be minimised and justified.     
 Scopes 3 encompass important emission sources that need to be taken into account during a 
carbon footprint assessment. Therefore, all Scope 3 emissions must be included in order to 
accurately assess the overall greenhouse gas emissions for the organisation.  
 Emissions due to students and staff (and employees) commuting to university is an important 
Scope 3 source. Staff and students must be surveyed to determine mode of transport and 
distance travelled by mode of transport to and from university. 
 Opportunities must be identified for encouraging environmental awareness behavior in staff 
members and students.  
 Institutions need to discover opportunities for incorporating purchased/on-site generated 
green power. Moreover, energy management initiatives are required to maximise the efficient 
use of resources.  
 Carbon offsets must be used to neutralise emissions that cannot completely be reduce to zero.  




7.2 Future Research 
The author believes that this project can be extended into (but not limited to) the three applications 
described below.  
 Creating a carbon neutral campus: 
As discussed throughout this dissertation, by reducing greenhouse gas emissions and 
therefore, their environmental impacts, institutions can lead the way in sustainability. By 
implementing targets and following through, offsetting emissions that cannot completely be 
eliminated, and incorporating green power, institutions can be in the forefront of sustainable 
development. The next step of this thesis project would be to device technologies to reduce 
and eliminate greenhouse gas emissions which have been identified by employing the 
developed framework.  
 
 A student reducing their carbon footprint:  
Students should be made aware of their carbon footprint and how they collectively contribute 
to the organisations footprint and the footprint of that particular region. An interesting area of 
research would be to study how to influence people to change their behaviour in such a way 
that they become environmentally responsible.   
 
 Carbon neutral degree:  
The concept of a carbon neutral degree is simple. The overall carbon footprint of a university 
can be used to identify the emissions footprint of a student. This emissions value can be 
equated to a monetary value, which is payable by the student to offset his carbon footprint 
throughout the semester. By doing so, at the end of his study period the student would have 
offset his whole degree, thus coining the term “carbon neutral degree”.  This can greatly 
enhance the reputation of the course and the university attracting more attention and potential 
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